The purpose of this study is to estimate consumer preferences on hybrid cars and electric cars by employing a choice experiment reflecting the various market conditions, such as different projected market shares of green vehicles and CO2 emission regulations. Depending on different market scenarios, we examine as to which attribute and individual characteristic affect the preferences of potential consumers on green vehicles and further, forecast the potential market shares of green cars. The primary results, estimated by a conditional logit and panel probit models, indicate that sales price, fuel cost, maximum speed, emission of air pollutants, fuel economy, and distance between fuel stations can significantly affect consumer's choice of environment-friendly cars. The second finding is that the unique features of electric cars might better appeal to consumers as the market conditions for electric cars are improved. Third, education, age, and gender can significantly affect individual preferences. Finally, as the market conditions become more favorable toward green cars, the forecasted market shares of hybrid and electric vehicles will increase up to 67% and 14% .
I. Introduction
As concerns on climate change and air pollution increase, and as energy security is threatened by the dramatic increases in petroleum prices, a number of countries have begun to invest in the development of hybrid cars, battery electric cars, or hydrogen fuel cell cars, which are known as 'environment-friendly or green cars' In this regard, it is important to forecast the market shares of environmentfriendly vehicles for setting up a government supportive policy and enterprise production planning on the extension of environment-friendly cars. Recent studies have adopted a choice experiment approach to forecast the market share of hybrid cars with different projected market shares (Mau et al., 2008) or various policy 1) KRW = Korean Won. The annual average exchange rate for 2010 was $1=KRW 1,156.
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• 5 • scenarios, such as subsidy, feebate, and carbon taxes (Axsen et al., 2009 ). This study examines whether people's choices on green cars are affected by the changes in the projected market shares of electric cars, degree of technology credibility on electric cars, availability of various types of electric cars, and levels of the CO 2 emission regulation on vehicles.
Primarily, we aim to estimate and compare the parameter coefficients of attributes of alternative vehicles and the major consideration factors in selecting green cars for different market scenarios. The physical attributes include the sales price, fuel cost, maximum speed, cruise range, and CO 2 emission levels of a car.
As major consideration factors, fuel economy, distance between fuel stations, reduction in the emissions of air pollution, and types of subsidy on the purchase of green cars are accounted in the choice experiment based survey. According to different market scenarios, increases in the projected market share of electric cars is associated with a strengthened CO 2 emission regulation in the transportation sector, an increase in the credibility of the electric car, and a wider range of vehicle types for electric cars. Thus, the probability of choosing electric cars is likely to increase as the potential gains of using electric cars increase.
Next, our study examines the individual specific effects on the preference for electric cars, including individual's education, income, age, gender, and responsiveness to frontier technologies. According to Santini and Vyas (2005) , Potoglou and Kanaroglou (2007) , and Hidrue at al. (2011) , younger people with higher education and those who are more interested in new technology are inclined to prefer electric cars.
Finally, we forecast the market shares of green cars depending on different market scenarios. It is assumed that the estimated probability of choosing a vehicle type should be equal to the market share of the vehicle. The forecasted market shares of vehicles will be compared in different scenarios in order to examine if the different market conditions affect the market shares of green cars.
The rest of this study is organized as follows: section II discusses the markets of hybrid and electric cars and their related policies. Section III describes the theory on the choice experiment and estimation methods, and section IV discusses the design of the surveys and the scenarios. Section V presents the basic statistics, parameter estimates for different market scenarios, and the forecast of market shares regarding hybrid and electric vehicles for different scenarios. Lastly, section VI concludes with a summary of major findings and policy implications.
Profile of Environment-Friendly Vehicles
According to the U.S. government's zero-emission vehicle strategy, gasoline and diesel vehicles are expected to be replaced by hybrid and plug-in hybrid cars in the short-term. In the medium or long-term, electric and hydrogen fuel cell cars are expected to dominate the automobile market. Hybrid cars, defined as vehicles having both an engine and an electric motor, are capable of reducing air pollution by 50% in comparison to conventional gasoline vehicles. In addition, their fuel economy is twice that of gasoline cars. The estimated world market for the hybrid car is estimated to be 770,000 per year. Japanese automakers, including Toyota (68%) and Honda (21.6%), currently dominate the hybrid car market, followed by Korean automakers, including Hyundai (0.66%) and KIA (0.15%) (KAMA, 2010).
Electric cars, by contrast, run only on an electric motor with a battery, which make them better than hybrid cars in terms of fuel economy and air pollution or CO 2 emissions 2) . However, technological barriers currently restrict the maximum speed capability and maximum driving distance of electric cars because a battery recharge becomes necessary. In addition, creating the necessary infrastructure in order for electric car drivers to have convenient access to charging battery stations 2) We admit the possibility of the inefficient electric car relative to the hybrid car. However, we assume that inefficient electric cars will not survive in the market since it has no advantages relative to other types of cars. So, only efficient electric cars will survive in the future. In the long run, we assume that the size of battery will be minimized enough to carry on large size vehicles.
• 7 • Mitsubishi introduced the models of Reef and iMiEv, respectively. In general, even when including subsidies from the U.S. government, the price of an electric vehicle in the United States is over 1.5 times that of a gasoline car.
As shown in <Table 1>, hybrid cars perform better than gasoline cars in terms of fuel economy and CO 2 emissions, and electric cars perform better than both hybrid and gasoline cars. However, hybrid and gasoline cars are superior to electric cars in terms of retail price, cruise range, and maximum speed.
In the application of a choice experiment to extract Korean people's preference on hybrid and electric vehicles, we reflected the trade-offs among common attributes to gasoline, hybrid, and electric vehicles that are described in this section.
Estimation Models for the Choice Experiment
One of the most widely used methods for examining the stated preferences in fields such as communication, transportation, environment, and medicine, amongst 
A potential consumer n chooses an alternative i if his utility ni U from choosing alternative i exceeds nj U from an alternative j. The choice probability can be transformed into a conditional logit model:
The observable utility ni V is affected by individual specific variables ( ni X ) as well as alternative specific attributes ( i Y ). If there is no individual specific effect, the conditional logit model becomes the multinomial logit model (Greene, 2008 
Individual or situation specific effects can be considered as a fixed or a random effect panel model (Greene, 2008) . 
The conditional logit or panel probit model will be applied to the estimate parameters of attributes and the individual characteristics.
Survey and Data

1) Survey Design
A face-to-face survey was conducted to examine the respondents' preferences 3) For a population over ten million, a sample size of around 380 is required for ±5% sampling error (Salant and Dillman, 1994 ). Since our sample size with complete answers is 513, our study represents the population group, which is around twenty million.
• The questionnaire included 9 choice sets, which were derived from a main orthogonal fraction of the full factorial design. Unrealistic choice sets were excluded by comparing the levels of attributes with different scenarios (Holmes & Adamowicz, 2003) . For example, choice sets for electric cars with high levels of sale prices and low levels of maximum speed and cruise range were removed. Also, choice sets were selected to consider the trade-off relationship between financial and non-financial attributes (Champ et al., 2003) .
Each choice set consisted of three alternatives: a gasoline car, a hybrid car, and an electric car. Each of these alternatives came with different combinations and levels of attributes. Purchase price, fuel cost, maximum speed, cruise range, and CO 2 emissions were common attributes. The levels of maximum speed, cruise range, and CO 2 emissions varied according to each market scenario in order to reflect the changes in the regulation of CO 2 emissions, technological progress, and market share of electric cars (<Table 2>).
In addition, attributes and levels were determined based on previous studies of hybrid or electric cars. Although some of the attributes in the present study can be found in previous researches, this study includes both the maximum speed and the The respondents were asked to choose the most preferred alternative, and the choice sets were divided into three groups according to the three scenarios (<table 5>).
The three market scenarios varied according to carbon tax, market share of electric cars, availability of different types of electric cars, and the credibility of technology on electric cars (<table 6>). We assumed that carbon tax should be imposed on all types of new vehicles in Korea which emit an excessive amount of CO 2 emissions relative to the maximum allowed for emission levels. The maximum CO 2 total charge increases from 3,000,000 KRW for scenario 1 to 6,000,000 KRW for scenario 2, and to 12,000,000 KRW for scenario 3 5) . As the market share of
5) The amount of charge was based on the EU carbon emission charge scheme. If the average CO2 emissions of a manufacturer's fleet exceed 130g/km from 2012, the manufacturer should pay €5 for the first g/km, €15 for the second g/km, €25 for the third g/km, and €95 for each subsequent g/km. As the average CO2 emission levels of new vehicles in Korea are at about 180-190g/km, over 6 million KRW should be paid for CO2 emission charge for each car. Thus, we varied the maximum CO2 emission charge for a new fleet between half and twice of 6 million KRW.
• eco-labeling, discount for parking and toll fees on the use of environment-friendly cars, and exemption of acquisition tax on the purchase of environment-friendly cars.
2) Descriptive Statistics
<Table 8> presents the summary on the socio-economic status of the respondents.
Aside from those in their twenties, the age range of the respondents was distributed relatively evenly. Since younger individuals typically make less money than older ones, the respondents in their twenties were less likely to own/drive cars than older ones, explaining for such variance. Meanwhile, male respondents were more likely to drive a car than females. This may be due to the fact that in Korea, males are more likely to be employed compared to females. Most of the respondents had at least a high school diploma, and their monthly income generally ranged from 2 million to 5 million KRW. Approximately 94% of the respondents had some knowledge of electric cars; 46.7% drove a midsize car; more than 72% had a gasoline car; and more than 68% drove their car for commuting. Note: ***, **, and * denote significance at the 1%, 5%, and 10% levels, respectively.
• 20 • V. Results
Parameter Estimations for Attributes and Individual Characteristics
The panel probit or conditional logit model was applied to estimate the parameters of attributes for different scenarios. For each scenario, the models are Table 10 shows the parameter estimation of the first scenario by using the panel probit model. The first scenario assumes a low market share of electric cars, low carbon tax, low technology reliability on electric cars, and limited car types. Most parameters, except the price of the car, were not statistically significant for all specifications. The signs of fuel cost and maximum speed attributes are correct for only the basic model (1) . There might be a non-linear relationship between cruise range and choice probability; however, they are not statistically significant. Korean people prefer cars that emit lower carbon dioxide. Alternative specific constants for hybrid cars and electric cars (ASC_HEV, ASC_EV) were negative for most specifications, except for model (2) , which implies that the specific attributes for hybrid or electric cars are inferior to those for gasoline cars.
Concerning individual considerations when people buy cars, the distance between fuel stations, reliability of technology, air pollution, and neighbor's reputation were statistically significant. The likelihood of choosing an electric car rises as the Note: ***, **, and * denote significance at the 1%, 5%, and 10% levels, respectively.
• 22 • Contrary to other studies, older people prefer electric vehicles in Korea.
For scenario 2, the same panel probit model was applied to estimate the parameters (table 11) . For most specifications, the parameters for the price of car, maximum speed, and alternative specific constant for electric cars were statistically significant. This result means that the maximum speed becomes more important in choosing a new car as the market share of electric cars increases. Although the cruise range non-linearly affects the choice probability, the parameter estimates were insignificant.
With regard to individual considerations in car selection, contrary to the first scenario, people are more concerned over the fuel economy, whereas the reliability of technology is not important. They consider emissions of air pollutants less significantly in choosing electric vehicles. Concerning individual characteristics, males and those who are more educated are inclined to prefer electric vehicles (specifications 2 and 3). Table 12 shows the estimation results for scenario 3 by using the conditional logit model 6) . Fuel cost relative to income affects the choice of a car non-linearly.
Maximum speed was significant for specifications (1) and (2), but cruise range and CO 2 relative to income were not significant for all specifications. Contrary to scenarios 1 and 2, alternative specific constants for hybrid as well as electric cars were statistically significant and positive. Hence, respondents now prefer distinct features of electric cars that were not revealed in the choice sets to gasoline vehicles.
6) The conditional logit model was applied for scenario 3 as a panel probit or multinomial logit model was not appropriate for the estimation of parameters.
• 24 • 
Estimation of market shares for EFVs
The actual choice probability of each vehicle for different scenarios is compared for different vehicle types (table 13) . As the conditions for the electric car market are more favorable in scenario 3 than in scenarios 1 and 2, the actual choice probability of the gasoline car falls, whereas those of hybrid and electric cars increase remarkably. Furthermore, when the actual choice probability of each vehicle type is compared to the estimated market shares derived from the panel probit and conditional logit models, the differences of market shares are less than 10% (table 13) . Hence, our prediction outcome is considerably reliable in terms of prediction error.
These results demonstrate that the external market conditions in the scenarios influence the market shares of environment-friendly cars substantially. However, the market share of electric cars in the long run is forecasted to remain within 14% even with the fairly favorable environment for the development of electric cars.
Moreover, if the estimation reflects all other feasible alternative vehicles, such as biofuel based cars, clean diesel cars, fuel cell vehicles, and solar cell vehicles, this forecasted market share would contract.
VI. Conclusion
The primary finding of this study is that the market conditions, such as CO 2 emission regulation, predicted market share, credibility of technology, and availability The Korean government might benchmark the climate action of the EU in order to extend the markets for environment-friendly cars in Korea.
Meanwhile, we admit that the study should have considered combined stated preference data with revealed preference data in order to improve the behavioral realism of the choice model, as recent study (Axsen et al., 2010) has shown. In addition, several important attributes, such as horse power, recharge time, and subsidy on the purchase of the electric car, could not be considered in the study.
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